Vasovagal syncope is loss of consciousness caused by reduced arterial pressure and blood supply to the brain, mediated through neural mechanisms rather than primary cardiac dysfunction. Bradycardia and vasodilation are the characteristic changes that cause systemic hypotension. 48 The trigger may be central, from psychic stress or pain, or may be initiated peripherally by a reduction in venous return to the heart. 94 In daily life this is commonest while the subject is standing. However, the anaesthetist may encounter these reactions during anaesthesia (especially regional), in hypovolaemia and in obstetrics.
The Bezold±Jarisch re¯ex overlaps with vasovagal syncope. It was initially described as a bradycardic response to injection of various alkaloid compounds, and later found to be mediated by chemoreceptors in the heart. 97 The term has now come to include reactions triggered by cardiac mechanoreceptor activation 58 and it has been used to describe perioperative bradycardia with hypotension. 22 38 51 56 100 A further term in use is neurocardiogenic syncope, which as well as vasovagal syncope includes micturition syncope and carotid sinus syndrome. 9 Our understanding of these cardiovascular re¯exes is fragmentary and complex. Information has been gained from patients and normal volunteers, humans and various other animal species, and using different mechanisms to reduce venous return and activate the reex. 9 33 58 74 82 86 94 95 This review summarizes present knowledge, emphasizing clinical aspects.
Hypovolaemic hypotensive patients sometimes presented with a slow heart rate. 30 During progressive withdrawal of venous blood, blood pressure was initially maintained by vasoconstriction. With continuing blood loss, there might be a sudden fall in blood pressure, heart rate and peripheral resistance. 62 Barcroft and colleagues found that the incidence of`fainting' increased as blood loss increased, from 4% after loss of 440 ml to 50% after loss of 1000±1200 ml. 6 An important later clinical ®nding was that, in cases where haemorrhage presented with relative bradycardia, transfusion alone would reliably increase the heart rate. 47 78 This pattern of cardiovascular change in response to haemorrhage is unfamiliar, as many textbooks describe a sustained tachycardia mediated via a withdrawal of afferent input from the arterial baroreceptors. 82 This is probably because most hypovolaemic patients respond with a tachycardia, whereas the bradycardic response is noted in a minority only. Textbooks summarize information from a variety of sources, both human non-haemorrhagic models as well as animal experimental data, to produce a coherent picture. However, if the pattern of hypovolaemia presenting with bradycardia were not recognized, some patients may be treated inadequately or inappropriately. 82 
Orthostasis
When a supine individual stands up, 300±800 ml of blood is redistributed from the intrathoracic capacitance vessels to the veins in the lower body. Compensation is needed to maintain venous return to the heart and systemic arterial pressure. 95 Turning a subject into the head-up position on a tilt table induces the change in blood distribution, but without muscle contraction in the legs which assists venous return during standing. Vasovagal syncope is more likely to occur in subjects with a smaller blood volume. 10 25 If a standing subject faints, immediate collapse into the recumbent position will tend to increase venous return towards normal and thus limit the event. However, a severe response can occur if the tilt table is not¯attened at the time of a faint.
Compression of inferior vena cava during pregnancy
In late pregnancy some women suffer an acute circulatory collapse, severe enough to mimic haemorrhagic shock, in the supine position. 13 45 Hansen noted that orthostatic hypotension was less common as pregnancy progressed but that 12% of term women had severe hypotension and collapse while supine; this could be reversed by turning to the lateral recumbent position. 37 The cause was identi®ed as compression of the inferior vena cava by the gravid uterus, reducing venous return and right atrial pressure. 47 Further reports of this phenomenon noted that sudden bradycardia occurred in some cases, 45 47 and Lees and co-workers linked this`supine hypotensive syndrome of pregnancy' with vasovagal fainting. 47 
Regional anaesthesia
Spinal and epidural anaesthesia can prevent re¯ex vasoconstriction in the blocked segments. Although some hypotension is normal after high regional anaesthesia, if venous return is inadequate because of reduced blood volume or head-up tilting (reverse Trendelenberg), syncope and abrupt bradycardia or sinus arrest can occur. 12 42 79 Afferent pathways Cardiac Some chemical stimuli within the heart activate unmyelinated sensory nerve ®bres that pass via the vagus nerve to the brainstem. This causes a vasodepressor response, the classical Bezold±Jarisch re¯ex. 33 The cardiac site of origin in humans was demonstrated in heart-transplant patients. Coronary artery angiography caused bradycardia in control subjects. On the other hand, the same stimulus resulted in a tachycardia in the residual sinus node tissue of subjects who had the afferent nerves from the heart interrupted by transplantation. 4 Other unmyelinated afferents are activated via mechanoreceptors which are usually sensitive to left ventricular distension, but may also respond to hypovolaemia. 58 A response to hypovolaemia can occur because, if there is myocardial stimulation combined with under®lling, deformation of the cardiac wall triggers mechanically sensitive nerves in the same way as stretching. The origin of vasovagal responses from cardiac afferents was proposed by Oberg and Thoren. 69 They found that both cardiac afferents and arterial baroreceptors cause circulatory compensation during haemorrhage in cats, but only the cardiac afferents caused bradycardia during rapid haemorrhage, à vago-vagal re¯ex'. 70 Ludbrook and Ventura showed that when venous return was progressively reduced in rabbits by in¯ation of a cuff round the vena cava, arterial baroreceptors mediated the compensatory phase and cardiac afferents were usually involved in the depressor phase. 55 
Non-cardiac
Other evidence, also from patients who have had heart transplants, seems to contradict this`cardiac' theory of the vasodepressor response in humans. In a number of cases, syncopal reactions have been noted in spite of evidence that reinnervation had not occurred. 27 49 80 Evidence for differences between species comes from experiments in dogs, where sympathetic withdrawal occurring during haemorrhagic hypotension was mediated neither by aortic baroreceptors nor by cardiac nerves. 65 Even in species with good evidence of a cardiac origin for the inhibitory response, the heart may not be the only source. Cardiac afferent nerve block in rabbits did not reliably inhibit the sympathoinhibitory phase during constriction of the inferior vena cava, indicating that there are sites of origin for this re¯ex other than the heart. 55 An alternative mechanism of triggering vasodepressor re¯exes could be via arterial baroreceptors. Baroreceptor activation, secondary to increases in blood pressure, decreases sympathetic out¯ow and increases parasympathetic activity, leading to vasodilation and bradycardia. With a decrease in blood pressure, baroreceptor activity ceases, but with progressive hypovolaemia there may be paradoxical recurrence of baroreceptor discharge, so-called collapse ®ring' (Fig. 1) . 95 
Central transmission
Arterial baroreceptor and cardiac afferents enter the brain via the glossopharyngeal and vagus nerves, and synapse in the nucleus tractus solitarius and the ventrolateral medulla. 64 Arterial baroreceptor afferents may have a closer integration with mechanically sensitive than with chemosensitive cardiac afferents. 72 96 Although there is some overlap, cardiac afferents that are mechanically sensitive may tend to be more concerned with circulatory homeostasis whereas chemosensitive afferents are activated by cardiac pathology. 72 Some syncopal reactions are initiated by emotional factors. It is known that the limbic system is concerned with emotions, and in some animal species stimulation of the limbic sympatho-inhibitory centre causes hypotension and bradycardia. 94 Once a reaction has started, orthostatic stress in the erect position will augment any central effects.
Strong emotions also cause sympathetic nervous system activation. The role of sympathetic stimulation in syncope, especially with regard to concentrations of circulating epinephrine, is noted in the next section.
There is evidence that endogenous opioids are important neurotransmitters in the nucleus tractus solitarius 46 and are involved in the syncopal response in animals. 93 This has generated particular interest because of the frequent clinical use of opioids and opioid antagonists and the hope that prevention or treatment strategies might be directed here. 54 93 Blockade of cardiac afferent nerves prevented decompensation during simulated haemorrhage in rabbits; the same effect was also achieved by injecting extremely low doses of naloxone into the fourth ventricle. 26 However, in humans, intravenous naloxone pre-treatment did not alter vasovagal responses to lower-body negative pressure. 28 85 The d receptor subtype may be more important than the m receptor, and therefore d-speci®c antagonists may show more bene®t. 93 
Efferent responses
During vasovagal syncope, the efferent responses are increased vagal activity, especially to the heart, and decreased sympathetic activity. The resulting combination of bradycardia and vasodilation causes signi®cant hypotension. Stroke volume and cardiac output generally decline further. 95 The vasovagal response with bradycardia and afterload reduction may protect the heart when the myocardial oxygen supply is compromised, 94 at the expense Perioperative bradycardia and asystole of the overall need to maintain systemic arterial pressure and cardiac output. With tilt-induced vasovagal syncope, most cases show both cardiac and vascular components but a few may show either a predominantly bradycardic or vasodepressor response. 89 Increased parasympathetic activity is not selective for the heart, as pancreatic polypeptide titres increase during haemorrhage 78 and presyncope 42 79 indicating a more general parasympathetic activation. The gastrointestinal effects probably account for the nausea accompanying vasovagal syncope and possibly an increase in splanchnic blood¯ow. 3 Lewis postulated that there was a vascular component to fainting reactions, as the associated hypotension was not reversed when atropine was administered to correct the bradycardia. 48 Studies of forearm blood¯ow using venous occlusion plethysmography and cardiac output 6 13 con®rmed this. An increase in forearm blood¯ow was found at the time of fainting induced by table tilting, the exaggerated lordotic posture and spinal anaesthesia. 13 The vasodilation is caused by sympathetic inhibition. During haemodialysis, presyncope was associated with increased sympathetic nerve activity and calf vascular resistance and decreased calf blood¯ow. Syncope with hypotension and bradycardia came with decreased sympathetic nerve activity and vascular resistance. Calf blood¯ow did not change because of the simultaneous reduction in blood pressure and resistance. 19 The importance of the vascular component was shown during near-syncope in a heart-transplanted patient. Although the contraction frequency of the transplanted ventricle increased, hypotension occurred associated with decreased sympathetic nerve activity. 80 It has been suggested that sympathetic`switch-off' with reduced systemic vascular resistance and hypotension may normally precede the change in heart rate at syncope. 74 The decrease in sympathetic nerve activity before or during syncope is followed by decreased concentrations of norepinephrine. 94 101 However epinephrine concentrations increase, causing muscle vasodilation and tending to reduce systemic vascular resistance further. 94 101 Exogenous bagonists may also increase the tendency to vasovagal reactions. 1 At the same time as most tissues show a decrease in vascular resistance, there is evidence of cerebral vasoconstriction in presyncope and syncope. 9 34 41 The signi®cance of this is unclear. 9 
Anaesthesia

General anaesthesia
Modern anaesthetic agents do not have anticholinergic or sympathomimetic side effects. Simple`vagal' (as opposed to vasovagal) re¯exes with bradycardia and transient asystole are more common, especially during ophthalmic or pelvic surgery. Bradycardia characteristically resolves quickly when the stimulus ceases. Generally, hypotension will only occur if bradycardia is extreme. It is presumed that there is no component of vascular dilation. 84 True vasovagal reactions have been described around the time of induction of general anaesthesia, 24 35 36 38 44 associated with anxiety and pain of venepuncture. When full cardiovascular monitoring has preceded venous cannulation, asystole has been noted of several minutes' duration, requiring cardiopulmonary resuscitation. 36 38 44 The patient may give a history of syncopal attacks during venepuncture or minor surgery. 36 38 If the syncopal reaction is delayed for a short time, then anaesthetic drugs may also be given, which will complicate the diagnosis considerably. 24 35 Compensated hypovolaemia may become evident after induction of anaesthesia. 77 
Spinal and epidural anaesthesia
Pain and anxiety may cause fainting during induction of regional anaesthesia as with general anaesthesia. 61 87 Case reports note a history of fainting, as well as the added in¯uence of orthostatic stress from the sitting position used for needle insertion. 61 87 Haemodynamic instability is expected with the onset of the block, but delayed bradycardia or asystole may be more sinister. Although fatalities associated with regional anaesthesia are usually found in the elderly and those with co-morbidity, 5 71 the landmark report by Caplan and colleagues 16 indicated a risk even in healthy patients. These authors reviewed 14 cases of cardiac arrest leading to death or severe brain damage in patients having spinal anaesthesia. Cases were identi®ed from a database of over 900 closed insurance claims during 1978±1986. All but one case occurred during surgery after the block had been established for some time. The average upper limit of sensory block was T4.
In the time leading up to the arrest, heart rate and blood pressure showed a gradual decline. The last assessment of apparently adequate ventilation and circulation was followed, on average in <2 min, by the ®rst clue of problems. This`®rst clue' was bradycardia, hypotension, cyanosis or loss of consciousness, in descending order of frequency. Cardiac arrest comprised either asystole or severe bradycardia with loss of output.
Caplan and colleagues 16 suspected two aspects of management which might have been responsible for these devastating outcomes. The ®rst was the use of central depressant drugs in addition to the regional anaesthesia. Twelve patients had had at least one but usually more than one intravenous opioid or sedative, including fentanyl, diazepam, droperidol and thiopentone. Half the patients were in a sleep-like state. Besides a contribution from unappreciated respiratory depression, the authors`speculated that circulatory changes related to high sympathetic block' were an important factor. The authors also highlighted possible de®ciencies in the treatment of the cardiac arrest. On average, epinephrine was not given until 6 min after the start of cardiopulmonary resuscitation and 8 min after the ®rst clue of impending arrest.
These descriptions suggest vasovagal reactions after a critical reduction in venous return. Regional anaesthesia may have affected the physiological responses so that cardiac arrest was sustained. Hypertension and tachycardia in response to hypoxia do not occur during epidural anaesthesia in dogs, probably because of sympathetic block. 73 Furthermore, coronary perfusion pressure gradient (which indicates the likelihood of successful resuscitation attempts) during ventricular ®brillation in dogs was signi®-cantly reduced after high spinal anaesthesia. 76 Caplan and colleagues 16 acknowledged that these cases were likely to be a biased sample of all those patients who develop cardiac arrest during spinal anaesthesia, as they came from medicolegal sources. This is borne out by the subsequent publication of cases of bradycardia or brief asystole in association with epidural or spinal anaesthesia, which seemed to start in the same way but have successful outcomes. 14 29 50 56 Spinal block height was often at the upper thoracic level, 14 29 whereas epidural analgesia was induced with large doses of local anaesthetic. 29 50 Deep sedation was not used. 29 50 Although some episodes occurred soon after induction of anaesthesia, most started during the operation and two developed only in the postoperative recovery ward. 29 50 The`event' that was noted was a sudden decrease in heart rate, although often a gradual decline in heart rate during stable anaesthesia had preceded this. 56 Bradycardia was reversed with atropine initially in all subjects, but ephedrine, epinephrine and external cardiac massage were also needed in some cases. None of these patients suffered morbidity after the event, reinforcing Caplan and colleagues' suggestion 16 that immediate treatment of bradycardia or asystole under these circumstances is crucial.
An aspect of management that may have contributed to the event in some cases was the use of infusions of epinephrine to maintain cardiac output and sodium nitroprusside to induce hypotension. 50 Decreases in cardiac ®lling pressure were recorded or surmised in several cases. Both b-stimulants 1 and nitroprusside 99 have been implicated in inducing vasovagal reactions.
Two prospective studies examined the prevalence and risk factors for bradycardia and other intraoperative complications during spinal anaesthesia, in a total of 2700 patients. 17 90 Bradycardia occurred in 10%, hypotension in 22% and nausea in 10%. No patients developed asystole. The most important factor implicated in all of these complications was dermatomal block to T5/6 or higher. Bradycardia was more likely with young age or ASA 1 physical status, in contrast to hypotension found more frequently in the elderly. Bradycardia de®ned as a decrease below a threshold (heart rate <50 beats min ±1 ) is consistent with cardiac sympathetic nerve inhibition associated with mid-thoracic block level. 32 However, the development of sudden bradycardia over a few heartbeats, and the potential for the reversal of bradycardia by postural changes that increase venous return, can only be explained by a vasovagal reaction. 32 In summary, spinal and epidural anaesthesia are not infrequently associated with bradycardia or hypotension de®ned by crossing a particular threshold level for rate or arterial pressure. 17 90 Less frequently, vasovagal reactions with sudden bradycardia or asystole occur, initiated by reduced venous return and therefore more likely with high block level and hypovolaemia. Outcomes are usually good, but delays in instituting corrective treatment and resuscitation may cause permanent cerebral damage or death. 16 The risk of asystole extends into the post-operative phase. 50 The risk of life-threatening vasovagal reactions during regional anaesthesia may be in the order of three per 1000, 29 compared with 5% of patients who have both bradycardia and hypotension during spinal anaesthesia. 17 
Obstetric anaesthesia
An early report of supine hypotensive syndrome in pregnancy describes a woman who had a Caesarean section because it was thought that she was hypovolaemic secondary to a ruptured uterus. 63 The syndrome is not usually of serious consequence in isolation, because once recognized it is rapidly relieved by a change in position. However, regional anaesthesia combined with inferior vena cava compression introduces signi®cant risk because of interference with cardiovascular control, and the inability of the patient to move herself. Holmes reviewed the literature from the 1930s to the 1950s on maternal mortality during Caesarean section with spinal anaesthesia. Problems occurred soon after the patient was moved into the supine position, as the sympathetic block developed. Sudden bradycardia was found in cases when heart rate was recorded. 39 40 Holmes suggested that unappreciated compression of the vena cava was the likely cause, rather than other possibilities such as respiratory insuf®ciency. 39 The risk is present even without the sympathetic block induced by regional anaesthesia: a patient with severe pre-operative supine hypotension died after induction of general anaesthesia. 20 These life-threatening reactions are now rare since the introduction of lateral tilt during Caesarean section, but cases still occur despite these precautions.
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Interscalene block for shoulder surgery New surgical techniques present new anaesthetic problems and challenges. A recent development is the practice of shoulder arthroscopy in the sitting position, using interscalene block for anaesthesia. 22 43 51 D'Alessio and colleagues 22 reported vasovagal events, de®ned as hypotension or bradycardia requiring treatment, in 20 of 116 patients who had surgery in this way. Epinephrine was used for the interscalene block as well as for injection into the surgical Perioperative bradycardia and asystole incision sites and joint irrigation. Patients who received higher doses of epinephrine were more likely to belong either to the vasovagal group or to a subset of the nonvasovagal group who were given b-adrenergic blockers for treatment of tachycardia or hypertension (n=18). Intraoperative peak heart rate was higher in these two groups than in those without problems. The authors suggested that the Bezold±Jarisch re¯ex resulted from a combination of awake surgery in the sitting position with augmentation of the cardiovascular stress as a result of the b-agonist effects of epinephrine reducing systemic vascular resistance and stimulating the myocardium. The patients who received b-antagonist treatment for tachycardia or hypertension were protected from this. This ®nding was supported by a randomized study comparing treatment with metoprolol, glycopyrrolate or placebo after surgical positioning. 51 Hypotensive or bradycardic events, or both, were found in only 5% of the group treated with metoprolol; this was signi®cantly lower than the incidences in the placebo and glycopyrrolate groups (28% and 22%, respectively).
Expression of syncopal reactions
The identi®cation of a minority of patients who demonstrate vasovagal responses during haemorrhage or regional anaesthesia might suggest that these individuals are qualitatively different. Development of the tilt table and lower-body negative pressure devices allowed standardized and repeatable testing, with the hope of distinguishing`normal' and abnormal' individuals. Although syncope thresholds vary among individuals, 10 66 a number of factors prevent a simple division of the population into two groups. Tilt-table testing may provoke syncope in otherwise asymptomatic subjects. On the other hand, patients with a clinical history may not demonstrate problems even with provocative testing such as isoprenaline infusions in addition to head-up tilt. Besides this, syncope in a given subject may be expressed to a different degree when tested using the same method on different occasions, 9 and may be provoked by one stressor but not another. 19 The amount by which cardiac output is reduced at the time of vasovagal syncope depends on experimental design and the method by which it is induced. 95 At one time the trigger for syncope was believed to be`contractions of an almost empty ventricle' causing stimulation of left ventricular mechanoreceptors. 69 This has not been studied during clinical blood loss, but the bulk of evidence from experimental syncope does not support this suggestion. Although one study found that baseline left ventricular fractional shortening during systole increased from 23% in the supine position to 51% at the onset of syncope during head-up tilt, 83 another found no difference in cardiac volume preceding tilt-induced syncope. 68 Two studies of the effects of epidural anaesthesia also did not demonstrate signi®cant cardiac under®lling: Sander-Jensen and colleagues found a 25% reduction in end-systolic volume at bradycardia, 79 while Jacobsen and co-workers found only a 13% reduction in left ventricular diameters at the onset of presyncopal symptoms. 42 Does an explanation lie in the experimental design? Hypovolaemia and the standing position may be counted as natural' stresses which the circulatory re¯exes are designed to counteract, but head-up tilt and epidurals affect the integrated cardiovascular response to reduced venous return. During head-up tilt the leg muscles do not contract and therefore the`muscle pump' that augments venous return is inactive, so that vasovagal reactions can occur in subjects who do not give a clinical history. 94 Epidural anaesthesia inhibits not only the muscle pump but also compensatory veno-and arterioconstriction.
We conclude that there is no true separation between normal and abnormal, but a range of individual susceptibility to vasovagal reactions from those who may have lifethreatening problems during their daily life 57 to those who do not respond to provocative testing. A patient may show syncope in some circumstances but not in others.
Implications for anaesthetic management
We consider that a pragmatic approach in clinical practice is to separate patients on the basis of whether or not they have a history of syncopal episodes.
Anaesthetic management of the patient with known syncope
A detailed history may provide a pattern to the attacks, precipitating factors, the severity and any previous medical investigations. Sometimes syncopal episodes are speci®c-ally related to venepuncture and general anaesthetic induction. 36 38 Cardiological investigation may be appropriate, although prophylactic treatment in general is not very effective.
In mild cases it is probably appropriate merely to apply full non-invasive cardiovascular monitoring before doing anything painful. However, management of severe cases must be planned carefully. We would consider oral premedication with a sedative and an anticholinergic. 44 Topical local anaesthetic cream for the venepuncture site 44 may be used before intravenous induction, or an inhalational induction of anaesthesia. 38 Drugs implicated in the genesis of asystole include propofol, fentanyl, suxamethonium and vecuronium.
During the maintenance of general anaesthesia, vasovagal syncope does not occur. 84 However bradycardia in response to perioperative bleeding has been noted during neurolept anaesthesia. 75 If regional anaesthesia is being performed, similar considerations apply as for induction of general anaesthesia. The lateral position for insertion of a spinal or epidural is preferable to the sitting position. 61 87 Management of spinal and epidural anaesthesia in patients with no history of syncope
Block height
The incidence of baseline bradycardia is greater if the block extends above the mid-thoracic region. 17 90 A high block may increase the risk of a vasovagal reaction in several ways. There may be direct cardiac sympathetic inhibition and decreased territory for compensatory vasoconstriction. 11 Indirect effects include deafferentation (see below) and ventilatory impairment. Although block height cannot be precisely controlled, especially with a single-shot technique, important factors during spinal administration that are within the control of the anaesthetist include drug dose, baricity and patient positioning. 31 88 Sedation and breathing Although episodes of bradycardia may occur during regional anaesthesia in the absence of sedation, 16 50 oversedation may increase the risk. 16 73 Hypnotic drugs should be given to obtain anxiolysis rather than deep sedation. The patient who is able to communicate symptoms may give an early warning of the development of a vasovagal reaction. The effective dose of midazolam, propofol and thiopentone is reduced by 40±75% during spinal anaesthesia, possibly as a result of deafferentation caused by the regional block. 8 91 92 Opioids should be reserved for intraoperative discomfort or pain.
Hypoxaemia may occur during high regional anaesthesia because of hypoventilation, or a reduction in cardiac output causing`shunt effect'. Prophylactic oxygen administration should be considered. Pulse oximetry is helpful, and endtidal carbon dioxide can be monitored even in unintubated patients using a sidestream capnograph.
Circulating volume status and body position Pre-existing hypovolaemia before induction of regional anaesthesia may lead to cardiovascular collapse. 12 Compensatory vasoconstriction in unblocked regions of the body maintains peripheral resistance with epidural blocks up to the T5 level, 11 but passive venous return is crucial in this situation. Intraoperative blood loss must be meticulously replaced.
Changing from a head-down position to horizontal can precipitate cardiac arrest, 67 whereas asystole 61 may be reversed by lowering the heart relative to the lower body. Greene and Brull 32 emphasize the necessity of using a slight head-down position during spinal-induced hypotension.
Pharmacological prophylaxis
The treatment of bradycardia of gradual onset during regional anaesthesia will depend on the associated blood pressure as well as the clinical and surgical situation. However, it is not possible reliably to prevent a vasovagal reaction by keeping above a particular heart-rate threshold, as such a reaction may occur after a period of normal heart rate or tachycardia. 50 Treatment During general anaesthesia, simple vagal reactions will usually respond to stopping the stimulus. However, when a vasovagal reaction is suspected during regional anaesthesia, then the cardiovascular change is augmented by vasodilation and is likely to lead to signi®cant hypotension. Restoration of venous return is urgent as spontaneous recovery from asystole may occur if this is achieved, 61 although drug treatment must not be delayed. Head-down tilt or leg elevation should be used, 16 and compression of the vena cava should be relieved in obstetric cases. 39 40 Intravenous¯uids must be considered if there is any suspicion of hypovolaemia; a rapidly running infusion will hasten the transit of drugs into the central circulation. However, it is essential to distinguish between true hypovolaemia resulting from blood or¯uid loss and a shift of blood from central to peripheral compartments. Vasovagal syncope may occur after a relatively small reduction in cardiac volume during epidural anaesthesia. 42 79 Anticholinergic drugs are often the ®rst treatment for slow heart rate during anaesthesia, especially general anaesthesia. Although atropine has been used as the only agent to treat asystole during regional anaesthesia, 56 it may not be the best single agent if bradycardia is suspected to be accompanied by vasodilation. Hypotension during vasovagal syncope may persist after the relief of bradycardia by atropine. 48 Sympathomimetic drugs, by contrast, will counteract the vasodilation in both the arterial and venous circulations. Commonly used agents are either ephedrine or various selective a-agonists. Most assessments have been in the context of prophylaxis and treatment of hypotension during regional anaesthesia, with the authors drawing different conclusions. One study found that ephedrine was less effective than metaraminol at reversing hypotension and decreases in central venous pressure and systemic vascular resistance index. Metaraminol, on the other hand, decreased the heart rate. 21 However, Butterworth and colleagues showed that both ephedrine and phenylephrine increased blood pressure effectively, but only ephedrine decreased venous capacitance. 15 Starting with a low heart rate, the direct sympathetic effects on the heart rate of ephedrine are advantageous, whereas, if baroreceptor function remains active, 59 an a-agonist might reduce it further. However if hypotension persists after adequate doses of ephedrine, or epinephrine-containing epidural solutions, an a-agonist might be considered.
Successful use of thump pacing for asystole during regional anaesthesia has been described. 50 However, once persisting cardiac arrest occurs, external cardiac massage must be started to ensure circulation of resuscitation drugs and perfusion of vital organs. Prompt treatment with epinephrine has been emphasized as crucial for successful recovery. 14 16 50 A study in dogs has suggested that above-normal doses of epinephrine may be necessary during cardiac arrest in association with high spinal anaesthesia. 76 A standard sequence using atropine, ephedrine and then epinephrine to treat bradycardia during spinal anaesthesia has been advocated.
14 Although¯exibility is necessary, we suggest that ephedrine is the most logical choice for a single agent to treat profound bradycardia or asystole during regional anaesthesia, given the lack of vasoconstrictor effect of atropine and the potential for heart rate reduction with a-agonists. For asystole or persistent severe bradycardia, epinephrine should be used early.
Future research
Ideally patients who are likely to have vasovagal reactions during anaesthesia could be identi®ed before surgery, but this is unlikely for several reasons. It has been noted that many subjects who develop vasovagal reactions in daily life are at merely one end of a spectrum of cardiovascular control, 9 with a minority suffering life-threatening events. 57 Provocation tests such as the tilt table give variable results on repeated testing. 9 Prophylactic treatment is unreliable, although recent advances in pacemaker technology are promising. 18 The extent of the problem needs clearer de®nition. 29 General risk factors for bradycardia during spinal anaesthesia, such as block height and young age, have been elucidated, 17 90 but the identi®cation of severe bradycardic-hypotensive events may need a different approach, such as critical incident reporting. 60 Analysis of heart-rate variability, which gives a measure of the absolute and relative activity of the sympathetic and parasympathetic systems, has shown differences in syncopal and non-syncopal subjects. 52 The drawback is that several minutes of recording are needed for analysis. However, recent approaches such as complex demodulation, which allow pattern recognition over a much shorter time-scale, might be more applicable to clinical practice. 53 If a presyncopal state could be reliably identi®ed, this might allow monitoring not only perioperatively but also into the recovery period. 50 The assumption that there is a vascular component to sudden hypotension and bradycardia during anaesthesia and with tilt-table testing has often been made, whereas the use of direct measurements has been limited to experimental situations. 6 13 19 It has been noted that the efferent expression of vasovagal reactions may include primarily cardiac slowing, vasodilation or a mixed pattern. To identify the haemodynamic changes occurring during bradycardic episodes, it is essential to monitor whether there is accompanying vasodilation. This is only likely to be feasible during clinical practice if non-invasive methods are used. In the past, monitoring of vasoconstrictor tone has been performed, albeit crudely, with photoelectric plethysmography. 23 Experimentally, plethysmographic amplitude increases markedly at the time that sympathetic nerve activity decreases during syncope. 98 The principle of photoelectric plethysmography is used as the basis of pulse oximetry.
